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Abstract. We compare properties of galaxies in loose groups with those in field environment by analyzing the Nearby Optical
Galaxy (NOG) catalog of galaxy systems. We consider as group galaxies, objects belonging to systems with at least five
members identified by means of the “friends of friends method”, and, as field galaxies, all galaxies with no companions. We
analyze both a magnitude–limited sample of 959 and 2035 galaxies (groups vs. field galaxies, respectively, B< 14 mag, and
2000 < cz < 6000 km s−1 ) and a volume–limited sample ( MB < −19.01 + 5 log10 h mag, 2000 < cz < 4000 km s−1 369
group and 548 field galaxies). For all these galaxies, blue corrected magnitudes and morphological types are available. The
cross-correlation of NOG with the 2MASS second release allow us to assign K magnitudes and obtain B–K colors for about
half of the galaxies in our samples. We analyze luminosity and color segregation–effects in relation with the morphological
segregation. For both B and K bands, we find that group galaxies are, on average, more luminous than field galaxies and this
effect is not entirely a consequence of the morphological segregation. After taking into account the morphological segregation,
the luminosity difference between group and field galaxies is about 10%. When considering only very early–type galaxies
(T< −2) the difference is larger than 30%. We also find that group galaxies are redder than field galaxies, ∆(B–K) ∼ 0.4 mag.
However, after taking into account the morphological segregation, we find a smaller B–K difference, poorly significant (only at
the c.l. of ∼ 80%). We discuss our results considering that the analyzed groups define a very low density environment (projected
mean density ∼ 5 − 6 h2 Mpc−2 galaxies).
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1. Introduction
In spite of the variety and number of devoted studies, we are
still far from understanding how much of galaxy evolution is
a reflection of local physics on galactic scales, possibly in the
context of biased galaxy formation, and how much of it is due
to environmental effects intrinsically connected to the parent
galaxy-system.
Most of past studies concerning the effects of the exter-
nal environment on galaxy evolution focused on central re-
gions of galaxy clusters and consistently showed that early–
type galaxies (or very luminous ones) inhabit preferentially
cluster cores (e.g., Oemler 1974; Dressler 1980; Biviano et al.
1992; Dressler et al. 1997; Biviano et al. 2002). More recent
studies aim to analyze environmental effects as a function of
radius out to larger and larger distances from the cluster cen-
ter. These analyses probe the radial gradient in photometric
and spectroscopic properties out to or just beyond the virial
radius: the emerging picture is that galaxy star formation rate
(SFR) is suppressed via via galaxies are accreted onto clusters
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(e.g., Abraham et al. 1996; Balogh et al. 1997; Pimbblet et al.
2002). Very recent analyses based on the 2dF Galaxy Redshift
Survey and on the Sloan Digital Sky Survey show that the dis-
tribution of SFRs of cluster galaxies begins to change, com-
pared with the field population, at a clustercentric radius of 3-4
virial radii (Lewis et al. 2002; Go´mez et al. 2003). Moreover,
the SFR of galaxies is strongly correlated with the local pro-
jected galaxy–density down to a characteristic threshold (Lewis
et al. 2002; Go´mez et al. 2003). These environmental effects
on the SFR are analogous to those on the galaxy morphology,
known as the morphology-radius and morphology-density re-
lations (e.g., Oemler 1974; Dressler 1980; Postman & Geller
1984; Whitmore et al. 1993). Since SFR is lower in early–type
galaxies (e.g., Kennicutt 1983; Jansen et al. 2000), which in-
habit preferentially cluster cores and high density regions, it is
not clear whether the two effects are completely independent.
First attempts suggest that morphology segregation alone is un-
likely to explain the SFR effect (Balogh et al. 1998; Lewis et
al. 2002; Pimbblet et al. 2002; Go´mez et al. 2003 ).
Both traditional and more recent approaches, concerning
morphologies and SFRs, respectively, consistently show that
environmental influences on galaxy properties are not restricted
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to cluster cores, but are effective in groups, which could be
the relevant sites of galaxy evolution (e.g., Balogh & Bower
2003). Although the study of the group environment is a much
more difficult task than the study of cluster environment, there
are now robust observational evidences confirming that group
galaxies of different morphological type – color – spectral
type are spatially segregated (e.g., Ozernoy & Reinhard 1976;
Postman & Geller 1984; Mahdavi et al. 1999; Tran et al. 2001;
Carlberg et al. 2001; Domı´nguez et al. 2002). Luminosity seg-
regation in groups is a more controversial issue (e.g., Ozernoy
& Reinhard 1976; Giuricin et al. 1982; Mezzetti et al. 1985;
Magtesyan & Movsesyan 1995). Analyzing loose groups iden-
tified in the Nearby Optical Galaxy (NOG) sample by Giuricin
et al. (2001), Girardi et al. (Girardi et al. 2003) have found ev-
idence of morphology and B–band luminosity segregation of
galaxies both in space and in velocity, in qualitative agreement
with a continuum of segregation properties of galaxy enbedded
in systems, from low-mass groups to massive clusters.
The aim of this paper is to study the environmental depen-
dence of galaxy properties, luminosities and colors, in very low
density environments comparing loose groups and field in the
NOG catalog. In particular, we use the large amount of mor-
phological information available for nearby galaxies to disen-
tangle and discriminate in a robust way luminosity and color
segregation–effects from morphological segregation.
The outline of this paper is as follows. We describe the data
sample and magnitude data in Sects. 2 and 3, respectively. We
devote Sect. 4 to the analysis of luminosity and morphology
segregation–effects, and Sect. 5 to color segregation. We dis-
cuss and summarize our results in Sects. 6 and 7, respectively.
Unless otherwise stated, we give errors at the 68% confi-
dence level (hereafter c.l.).
A Hubble constant of 100 h km s−1 Mpc−1 is used through-
out.
2. Group and field samples
We analyze the NOG catalog (Giuricin et al. 2000). NOG
is a magnitude–limited catalog (corrected total blue appar-
ent magnitude B≤ 14), with an upper distance limit (cz <
6000 km s−1), which contains ∼ 7000 optical galaxies, basi-
cally extracted from the Lyon–Meudon Extragalactic Database
(LEDA; Paturel et al. 1997. NOG covers about 2/3 of the
sky (|b| > 20◦), and is quasi-complete in redshift (97%).
Almost all NOG galaxies (98.7%) have a morphological clas-
sification as taken from LEDA, and parameterized by T
(the morphological–type code system of RC3 catalog – de
Vaucouleurs et al. 1991) with one decimal figure.
Hereafter we consider only the galaxies with the full infor-
mation available: i) galaxy position; ii) radial velocity v = cz,
where z is the heliocentric redshift in the LG rest frame (accord-
ing to Yahil et al. 1977); iii) corrected total blue magnitude; iv)
morphology.
Group galaxies were identified by Giuricin et al. (2000) us-
ing the “friends–of–friends” method. In particular, by applying
two different variants of the percolation method, they obtained
two comparable catalogs of galaxy systems. Here we use the P2
catalog obtained by allowing both the distance and the velocity
link parameters to scale with distance (Huchra & Geller 1982);
even if new 3D cluster finding algorithms have been recently
proposed (e.g., Marinoni et al. 2002) this is the most frequently
used method of group identification for low redshift galaxies.
In order to obtain the best-quality group sample in our anal-
ysis we remove: i) all groups identified as known clusters (see
Table 7 of Giuricin et al. 2000); ii) all very poor groups with
n < 5 member galaxies. We remove clusters following our aim
to study low density environments. Moreover, the clusters con-
tained in the NOG catalog are very few (only ten at cz > 2000
km s−1 ), not particularly rich (Abell richness R ∼ 0), and
poorly sampled (10.5 is the median number of members). Thus
NOG clusters are not a very representative sample of rich clus-
ters to be useful in a comparison with group results. As for
very poor groups, the efficiency of the percolation algorithm
has been repeatedly checked, showing that an appreciable frac-
tion of the poorer groups, those with n < 5 members, might
be false (i.e. represent unbound density fluctuations), whereas
richer groups almost always correspond to real systems (e.g.,
Ramella et al. 1989; Ramella et al. 1995; Mahdavi et al. 1997;
Nolthenius et al. 1997; Diaferio et al. 1999). The dilution ef-
fect of a significant number of spurious groups in our analysis
would hide or weaken any possible difference between groups
and field. For instance, this dilution effect is suggested to ex-
plain some differences between groups with n < 5 and with
n ≥ 5 as concerning the segregation properties of member
galaxies (Girardi et al. 2003, Sect. 4.3). In view of this possible
bias we prefer to remove n < 5 groups from our sample.
We consider as field galaxies, all the NOG galaxies left un-
bound, i.e. not belonging to any group or binary system.
Finally, we remove from our analysis all field galaxies with
cz ≤ 2000 km s−1 and groups with cz ≤ 2000 km s−1 , where
the mean group velocity v = cz is computed by using the bi-
weight estimator (Beers et al. 1990). In fact, where the reces-
sion velocity is not dominant on its random component, it is
no longer a reliable indication of the distance. We apply such
a conservative limit since our analysis requires accurate abso-
lute magnitudes. In particular, the value of 2000 km s−1 is sug-
gested by the analysis of the velocity field in the local Universe
where the effect of peculiar velocities is higher for cz < 2000
km s−1 (Marinoni et al. 1998). Moreover, thank to our lower
distance limit, all galaxies belonging to the main clumps and
clouds of the Virgo cluster are rejected, too (see Binggeli et al.
1987; Binggeli et al. 1993; and Table 7 of Giuricin et al. 2000).
Our final group sample contains 120 loose groups for a to-
tal of 959 galaxies (hereafter GROUP sample). The field sam-
ple contains 2035 galaxies (FIELD sample). Table 1 lists the
median values for group main properties: number of members,
n, and redshift, z. We also give the median values – with cor-
responding 90% confidence intervals – and lower and upper
quartiles of the distributions for: group size, Rmax, which is the
(projected) distance of the most distant galaxy from the (bi-
weight) group center; LOS velocity dispersion, σv, and virial
mass, M, computed following Girardi & Giuricin (2000; see
also Girardi et al. 2003). The confidence intervals are computed
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Table 1. Group properties
NGROUPs NGALs n z Rmax σv M
h−1 Mpc km s−1 h−1 1013 M⊙
Median Lower, Upper Median Lower, Upper Median Lower, Upper
120 959 6 0.013 0.70+0.05
−0.08 0.54, 0.90 179+19−21 119, 260 2.2+0.5−0.6 0.7, 5.2
following the procedure1 described by Kendall & Stuart (1979,
eq. 32.23) and first proposed by Thompson (1936).
Moreover, we also extract from the above magnitude–
limited sample a volume–limited subsample, which by def-
inition contain objects that are luminous enough to be in-
cluded in the sample when placed at the cutoff distance. We
define the volume–limited samples of group and field galax-
ies with depth of 4000 km s−1 by considering only galaxies
with blue corrected absolute–magnitude MB < −19.01 (here-
after VLGROUP and VLFIELD samples, respectively). The
limit of 4000 km s−1 is again suggested by the analysis of
Marinoni et al. (1998), since the discrepancy between different
peculiar velocity models derived using independent techniques
is more pronounced for cz > 4000 km s−1 . The VLGROUP
and VLFIELD (2000 < cz < 4000km s−1 ) samples contain
369 and 548 galaxies, respectively.
As for the comparison of GROUP vs. FIELD samples we
have to check for possible biases connected with depth since
these samples are extracted from an (apparent-) magnitude–
limited sample (see Sect. 4.2, too). Fig. 1 shows the compar-
ison of radial velocity distributions for field and group galax-
ies. Small differences are shown, probably due to very local
differences in the clustering properties of large scale structure.
Analyzing the corresponding cumulative distributions we find
a difference at the 99.99% c.l., according to the Kolmogorov–
Smirnov test (hereafter KS-test; e.g., Ledermann 1982). To
avoid possible observational biases we construct a simulated
sample of field galaxies which mimics the velocity distribution
of group galaxies. We use the inverse transformation method
for generating a random deviate y from a known probability
distribution f (y) as outlined in, e.g., Press et al. (1992). In prac-
tice, given the (normalized) distribution of velocities of group
galaxies (in the range 0-6000 km s−1 ), f (v), and the cumu-
lative distribution, F(v) =
∫ v
0 f (v)dv, we choose an uniform
random x = F(v): its corresponding v is the desired deviate
and we assign to the simulated field a galaxy of the real field
very close to that velocity v, i.e. one galaxy randomly selected
in a range of 20 km s−1 . In this way we assign to the simulated
field ten thousands of galaxies, of which ∼ 6000 are those with
cz > 2000 km s−1 . As expected, there is no significant differ-
ence between the velocity distribution of simulated–field galax-
ies and that of group galaxies (see Fig. 1). Although general
results are very similar (see Sect. 4.2), hereafter we consider
the simulated field, S-FIELD, in any comparison with GROUP
sample, after properly rescaling the number of simulated ob-
1 For the median of an ordered distribution of N values the con-
fidence intervals x(r) and x(N−r+1), corresponding to a probability
P(x(r) ≤ x ≤ x(N−r+1)) = 1 − α, can be obtained from 1 − α =
2−N
∑N−r
i=r
(
N
i
)
.
Fig. 1. Comparison of cz distributions of group and field galax-
ies (solid and dashed lines, respectively). The error bars are
1sigma Poissonian errors. The dotted line indicates the simu-
lated field (S-FIELD, see text)
.
jects to that of real–field galaxies when statistical confidence
levels are derived.
Note that in the above resampling we have used velocities
of individual group galaxies rather than luminosity distances,
the latter being based on mean velocities of the corresponding
parent group. Our choice is due to the requirement of using a
variable with a smooth, well-behaved probability distribution.
In fact, the probability distribution of luminosity distances for
group galaxies shows many peaks, which are higher for groups
with a larger number of members. From the physical point of
view, we use the KS-test to verify that the cumulative distribu-
tion of individual velocities of group galaxies does not signif-
icantly differ from that obtained substituting individual veloc-
ities with mean velocities. Thus any possible effect due to the
chosen variable should be negligible.
3. Galaxy magnitudes and colors
NOG total, corrected B–band magnitudes come from LEDA
compilation, which collects and homogenize data of several
catalogs. They have been converted to the standard systems of
the RC3 catalog (de Vaucouleurs et al. 1991) and have been
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Fig. 2. Comparison between magnitude distribution of all NOG
galaxies with that of matched 2MASS-NOG galaxies (solid
and dashed lines, respectively). The error bars are 1sigma
Poissonian errors.
corrected for Galactic extinction, internal extinction, and k–
dimming (see Paturel et al. 1997 for more details).
We take Ks-band survey magnitudes, K20, from the ex-
tended catalog of the official 2MASS second release. To assign
the counterpart of each galaxy in our sample we choose the
closest 2MASS object within a search radius of 0.3 arcmin. We
use this search radius to enclose also very nearby, with large
angular size, galaxies. The typical angular separation between
a NOG galaxy and its counterpart is much smaller (∼ 4-5 arc-
secs). We find counterparts for 3263 of 7076 galaxies of the
whole NOG catalog. Out of these 3263 2MASS objects, the
possible contamination of non-galaxy objects is quite small:
only 56 objects have parameters which indicate a possible ar-
tifact or contaminated and/or confused source, i.e. escore < 1.4,
gscore < 1.4, ccflag , 0 (see Jarrett et al. 2000, Cole et al. 2001).
The fraction of matched galaxies corresponds to the in-
complete sky coverage in the 2MASS 2nd release (∼ 47% of
the sky). Moreover, the B-magnitude distribution of matched
2MASS-NOG galaxies is not different from that of all NOG
galaxies suggesting that 2MASS-NOG galaxies form an unbi-
ased subsample of the whole NOG catalog (see Fig. 2).
As for our specific samples, we obtain K20 magnitude for
440 and 936 galaxies in GROUP and FIELD samples, respec-
tively (167 and 240 galaxies in VLGROUP and VLFIELD, re-
spectively).
To obtain total corrected K magnitudes we consider the off-
set of 0.2 mag between isophotal and total magnitudes (see
Kochanek et al. 2001) and we correct for Galactic extinction,
internal extinction and k–dimming:
K = K20 − 0.2 − RK[E(B−V) + Ai,B/4] − k(z). (1)
We correct for Galactic extinction, AK = RKE(B-V)], using
the color excess E(B-V) recovered by the extinction maps of
Schlegel et al. (1998) and an extinction coefficient of RK =
0.35 (Cardelli et al. 1989). For the term of internal extinction
Ai = RK[Ei(B−V)] we assume Ei(B–V)∼ Ai,B/4, where the in-
ternal B–band absorption of galaxies is Ai,B = 0 for T < 0 and
Ai,B = 0.4 for T > 0 according to the mean values suggested
by RC3 for different morphological types. Finally, we apply the
Ks-band k–correction of k(z) = −6.0 log(1+ z), independent of
galaxy type and valid for z . 0.25 (based on the Worthey 1994
models, see Kochanek et al. 2001).
We convert B– and K–band magnitudes to absolute magni-
tudes MB and MK by using the luminosity distance recovered
from redshift z. For group galaxies we use the cz of the parent
group.
4. Luminosity and morphology environmental
effects
4.1. Analysis and results
Figs. 3 and 4 show that group galaxies are more luminous in
both B and K bands than field galaxies. To compute the signif-
icance of this difference, we compare the cumulative distribu-
tions of B magnitudes for GROUP and S-FIELD (VLGROUP
and VLFIELD): they are different at the > 99.99% (99.62%)
according to the KS-test; the same result is found for K magni-
tudes.
The morphological distributions in group and field environ-
ments are different at the > 99.99% c.l. (according to the KS-
test). In fact, the fraction of early galaxies in groups is larger
than in the field (see Fig. 5). In particular, we compute the rel-
ative proportion of E+S0 (T < −2), S0+Searly (−2 ≤ T < 1),
Smiddle (1 ≤ T < 4), and Slate+I (T ≥ 4) obtaining (18:16:35:31)
and (8:8:35:49) for GROUP and FIELD environments, respec-
tively. The morphological–type distribution of S-FIELD galax-
ies is not different from that of FIELD.
To disentangle luminosity and morphological segregation–
effects we consider mean luminosity values as a function of
morphological types, see Figs. 6 and 7 (top panels). The dif-
ference is better outlined in the corresponding bottom panels
where ∆M = Mgroups − Mfield is shown: under the same mor-
phological type, group galaxies are more luminous than the re-
spective field galaxies. According to the χ2-test, the null hy-
pothesis ∆MB = 0 is rejected at the > 99.99% (99.78%) when
comparing the GROUP and S-FIELD samples (VLGROUP and
VLFIELD). As for K magnitudes, the null hypothesis ∆MK =
0 is rejected at the 98.61% (70.34%) when comparing the
GROUP and S-FIELD samples (VLGROUP and VLFIELD).
We prefer to avoid the arbitrary binning choice intrinsi-
cally connected to the use of the χ2-test. Consequently we ap-
ply an alternative statistical method. We construct a simulated
field (of 10000 galaxies) in order to mimic the morphologi-
cal distribution of group galaxies and we do this by using the
same technique outlined in Sect. 2. That is, after having se-
lected a random deviate T from the whole morphological–type
distribution of GROUP (VLGROUP) galaxies, we assign to
the simulated field a galaxy of the S-FIELD (VLFIELD) very
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Fig. 3. Comparison between absolute magnitude distributions
of group and field galaxies in B and K bands (left and right pan-
els, respectively) for GROUP and S-FIELD samples (solid and
dashed lines, respectively). The error bars in the top-panels are
1sigma Poissonian errors. The corresponding cumulative distri-
butions are shown in the bottom panels: there, the dotted lines
indicate the distributions for the simulated field ST-S-FIELD,
which mimics morphological–type distribution of group galax-
ies (see text).
close to that T , i.e. one galaxy randomly selected in a range of
∆T = 0.25. In this way we construct a simulated ST-S-FIELD
(ST-VLFIELD) sample which has a T -distribution similar to
that of the GROUP (VLGROUP) sample. Figs. 3 and 4 (bottom
panels) show the cumulative magnitude distribution of this sim-
ulated field for the magnitude– and volume–limited samples,
respectively. According to the KS-test, we find a difference of
99.98% (99.94%) when comparing B–magnitude distributions
of GROUP and ST-S-FIELD (VLGROUP and ST-VLFIELD)
and of 94.55% (99.40%) when comparing K–magnitude dis-
tributions of GROUP and ST-S-FIELD (VLGROUP and ST-
VLFIELD). The effect of resampling the field galaxies as de-
scribed above is different in B and K band, being much smaller
in the first case. The large effect in the K band is due to the fact
that the galaxies which inhabit preferentially field environment
(i.e., T ∼> 3 galaxies, see Fig. 5) are generally less luminous
than the median value of the field magnitude distribution (see
dashed lines in the top panels of Fig. 7), while the galaxies
which are rare in field environment (T . 3) are more luminous
than the median field magnitude. Thus both these populations
contribute to raise the global K–band luminosity when their
fraction is renormalized to that of group environment in the re-
sampling procedure. As for the B band, the two populations of
3 . T . 5 and −2 . T . 0 galaxies, which are more and less
luminous than the median magnitude, respectively (see Fig. 6,
top panels), lower the global luminosity in the resampling pro-
Fig. 4. Comparison between absolute magnitude distributions
of group and field galaxies in B and K bands (left and right pan-
els, respectively) for VLGROUP and VLFIELD samples (solid
and dashed lines, respectively). The error bars in the top-panels
are 1sigma Poissonian errors. The respective cumulative distri-
butions are shown in the bottom panels: there, the dotted lines
indicate the distributions for the simulated field ST-VLFIELD,
which mimics morphological–type distribution of group galax-
ies (see text).
Fig. 5. Comparison between morphological–type distribution
of GROUP and FIELD galaxies (solid and dashed lines, re-
spectively). The error bars are 1sigma Poissonian errors.
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Fig. 6. Top panels: B–band absolute–magnitude as a function
of morphological type for GROUP and S-FIELD (left panels)
and VLGROUP and VLFIELD (right panels). Points are bi-
weight mean values for galaxies in groups (filled circles) and
field (open circles). Error bars are 68% bootstrap estimates.
Only bins containing more than three galaxies both for group
and field samples are plotted. Solid, dashed, and dotted lines in-
dicate the median values of magnitude distributions of group,
field, and simulated field galaxies, respectively; see also left–
down panels of Figs. 3 and 4. Bottom panels show the magni-
tude difference between group and field as recovered from the
top panels.
cedure, thus counterbalancing the effect of other galaxy popu-
lations.
The above simulated fields allows us to give an estimate of
the typical amount of magnitude difference between group and
field galaxies which is independent of the morphological seg-
regation. This amount can be obtained from the difference of
the median values of magnitude distributions: ∆MB = −0.10
mag (for GROUP vs. ST-S-FIELD), and ∆MK = −[0.12—
0.14] mag (for VLGROUP and ST-VLFIELD), see Figs. 6 and
7 (top panels).
Figs. 6 and 7 suggest that the above difference is mainly
connected to early–type galaxies. We compute the mean mag-
nitude values and respective errors obtained for each morpho-
logical class for both the magnitude– and volume–limited sam-
ples. Table 2 lists: the sample name; the number of galaxies
having B magnitude, NGALs,B:g,f (in groups and in the field);
the mean B absolute–magnitude and corresponding error for
group and galaxies, MB,group and MB,field, respectively; the num-
ber of galaxies having K magnitude, NGALs,K:g,f (in groups and
in the field); the mean K absolute–magnitude and correspond-
ing error for group and galaxies, MK,group and MK,field, respec-
tively; the mean B–K color and corresponding error for group
and galaxies, (B–K)group and (B–K)field, respectively.
Fig. 7. Top panels: K–band absolute–magnitude as a function
of morphological type for GROUP and S-FIELD (left panels)
and VLGROUP and VLFIELD (right panels). Points are bi-
weight mean values for galaxies in groups (filled circles) and
field (open circles). Error bars are 68% bootstrap estimates.
Only bins containing more than three galaxies both for group
and field samples are plotted. Solid, dashed, and dotted lines in-
dicate the median values of magnitude distributions of group,
field, and simulated field galaxies, respectively; see also right–
down panels of Figs. 3 and 4. Bottom panels show the magni-
tude difference between group and field as recovered from the
top panels.
The only 3sigma difference we find between group and field
values is for E+S0 galaxies in the B band: ∆MB = −0.36±0.08
and −0.32 ± 0.09 mag for the magnitude– and volume–limited
samples, respectively. As far as the K band is concerned,
the amount of the difference is similar, but significant at the
2.4sigma c.l..
4.2. About luminosities comparison
Since our above analysis requires the computation of absolute
magnitudes, it is worth to verify the robustness of our results in
relation to the distance estimates involved.
The question of the analysis in our largest sample, i.e. the
(apparent-) magnitude–limited one, is the most complex. In
fact, by definition of magnitude–limited samples, only intrin-
sically more luminous galaxies are sampled in more distant
volumes and thus a particular result concerning galaxy lumi-
nosities should be always verified in order to avoid any spu-
rious dependence on the catalog depth. Fig. 8 shows the be-
havior of absolute magnitudes as function of cz: group galaxies
are systematically more luminous than field galaxies. However,
to avoid any possible bias we use throughout our analysis the
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Table 2. Absolute magnitudes for different morphological types
Sample NGALs,B:g,f MB,group MB,field NGALs,K:g,f MK,group MK,field (B–K)group (B–K)field
mag.lim. E+S0 170,172 −20.03 ± 0.06 −19.67 ± 0.06 72,73 −23.78 ± 0.11 −23.39 ± 0.11 3.88 ± 0.04 3.73 ± 0.06
mag.lim. S0+Searly 151,172 −19.56 ± 0.06 −19.48 ± 0.05 71,86 −23.16 ± 0.08 −23.18 ± 0.08 3.74 ± 0.05 3.83 ± 0.04
mag.lim. Smiddle 339,703 −19.80 ± 0.04 −19.73 ± 0.03 162,345 −22.92 ± 0.08 −22.64 ± 0.06 3.06 ± 0.05 2.93 ± 0.04
mag.lim. Slate+I 299,988 −19.68 ± 0.05 −19.57 ± 0.02 135,432 −21.91 ± 0.11 −21.81 ± 0.06 2.23 ± 0.08 2.16 ± 0.04
VL E+S0 69,53 −19.98 ± 0.07 −19.66 ± 0.05 32,19 −23.77 ± 0.11 −23.39 ± 0.13 3.89 ± 0.06 3.74 ± 0.04
VL S0+Searly 43,39 −19.67 ± 0.08 −19.58 ± 0.07 20,17 −23.24 ± 0.17 −23.21 ± 0.11 3.65 ± 0.09 3.77 ± 0.03
VL Smiddle 129,187 −19.85 ± 0.06 −19.80 ± 0.04 59,97 −22.93 ± 0.12 −22.79 ± 0.08 3.11 ± 0.08 3.02 ± 0.03
VL Slate+I 128,269 −19.80 ± 0.05 −19.64 ± 0.03 56,107 −22.22 ± 0.13 −21.84 ± 0.09 2.36 ± 0.12 2.19 ± 0.04
Fig. 8. Absolute magnitude as function of cz for B and K bands
(top and bottom panels, respectively). Points are biweight mean
values for galaxies in GROUP sample (filled circles) and S-
FIELD sample (open circles). Error bars are 68% bootstrap es-
timates. The results for the real (not simulated) field are also
shown (stars). Solid and dashed lines show the trend for the
two alternative cz estimates, recovered by using two different
corrections for the peculiar velocity field (corrections 1 and 2,
respectively, see text) for group and field galaxies (thick and
thin lines, respectively).
simulated field S-FIELD, which mimics the cz distribution of
group galaxies (see Sect. 2). Fig. 8 shows that the real and sim-
ulated fields are effectively indistinguishable; thus our use of S-
FIELD should be considered a very prudential approach, which
does not bias our main conclusions.
A more general question concerns the estimate of the
galaxy distances. We verify the robustness of our results by re-
computing absolute magnitudes on the basis of two alternative
distance estimates derived using models of the peculiar veloc-
ity field in the local Universe (Marinoni et al. 1998). Marinoni
et al. used two independent approaches to model the peculiar
velocity field and correct the redshift–dependent distances for
peculiar motions: (1) a multiattractor model fitted to the Mark
III catalog of peculiar velocities (Willick et al. 1995; 1996;
1997); (2) a cluster dipole reconstruction scheme (Branchini
& Plionis 1996) modified with the inclusion of a local model
of Virgocentric infall. We have used these models in order to
transform the observed redshift of NOG galaxies into ”pseudo-
real” distances. Fig. 8 shows the resulting behavior of absolute
magnitudes as a function of the peculiar-velocity corrected red-
shifts (cz): the trend is consistent with the one inferred using the
original uncorrected cz in our analysis; therefore we conclude
that the details of the adopted distance estimate have not biased
our results in any noticeable way.
5. B–K color and environment
Fig. 9 compares B–K colors of galaxies in group and field
environment. Group galaxies have larger B–K colors than
field galaxies: the cumulative distributions are different at the
> 99.99% and > 99.95% c.l. according to the KS-test for
the magnitude– and volume–limited samples, respectively. The
amount of color difference between groups and field is ∆(B–
K)=(B–K)groups–(B–K)field ∼ 0.4 mag. Fig. 10 shows the mean
B–K values as a function of morphological type in order to dis-
entangle color and morphology segregation-effects.
As in Sect. 4.1, to obtain a quantitative result, we com-
pare the cumulative distributions of galaxy colors in groups and
in the simulated-field which mimics the morphological distri-
bution of group galaxies (ST-S-FIELD or ST-VLFIELD), see
bottom panels in Fig. 9. The amount of the B–K difference be-
tween groups and the simulated field is much smaller, ∆(B–
K)=0.07-0.21 mag for the magnitude– and volume–limited
samples, respectively. According to the KS-test, the statisti-
cal significance of the difference is very low: 84.58% and
76.98% for GROUP vs. ST-S-FIELD, and VLGROUP vs. ST-
VLFIELD, respectively.
6. Discussion and conclusions
Different authors (e.g., Marinoni et al. 1999; Ramella et al.
1999) have analyzed the luminosity function of galaxies in low
and high density environments concluding that group galaxies
are, on average, more luminous than field galaxies. By using
a complementary approach, we confirm this environmental de-
pendence and show that this effect is not entirely a consequence
of the morphological segregation.
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Fig. 9. Comparison between B–K distributions of group and
field galaxies (solid and dashed lines, respectively) for GROUP
and S-FIELD (left panels) and VLGROUP and VLFIELD
(right panels). The error bars in the top-panels are 1sigma
Poissonian errors. The corresponding cumulative distributions
are shown in the bottom panels: there, the dotted lines indi-
cate distributions of the simulated fields, ST-S-FIELD and ST-
VLFIELD, which mimic morphological–type distribution of
group galaxies (see text).
This result is an extension at lower-density environments
of the results obtained for the internal regions of galaxy sys-
tems, where more luminous galaxies lie preferentially in more
central regions, independently of morphological segregation.
Luminosity and morphology segregations are well supported
for clusters (e.g., Adami et al. 1998; Biviano et al. 2002) and
similar results are found in NOG groups (Girardi et al. 2003
and refs. therein). Within cluster environment, luminosity seg-
regation seems to concern only ellipticals and possibly lenticu-
lars (e.g. Biviano et al. 1992; Stein 1997; Biviano et al. 2002),
but a definitive conclusion in not reached in NOG groups. From
the present study (see Figs. 6 and 7) we obtain that luminosity
segregation, in particular in the B band, is particularly strong
for very early–type galaxies (T . −2). When considering only
these early–type galaxies the luminosity difference between
group and field galaxies is larger than 30%. The global dif-
ference, taking into account the morphological segregation, is
much more modest, about 10%, but still statistically very sig-
nificant.
Since a large fraction of galaxies is embedded in groups
(∼ 40%; e.g., Ramella et al. 2002), a related topic is surely
the study of clustering properties in the large scale structure,
usually via the analysis of galaxy-galaxy correlation function.
A trend of increasing clustering–strength with luminosity, in-
dependently of morphological–type segregation, was found by
Iovino et al. (1993); see also, e.g., Loveday et al. (1995).
Fig. 10. Top panels: B–K color as a function of morphological
type for GROUP and S-FIELD (left panels) and VLGROUP
and VLFIELD (right panels). Points are biweight mean values
for galaxies in groups (filled circles) and field (open circles).
Error bars are 68% bootstrap estimates. Only bins contain-
ing more than three galaxies both for group and field samples
are plotted. Bottom panels show the color difference between
group and field as recovered from the top panels.
In particular, also for NOG galaxies, luminosity segregation
is found independently for both early– and late–type galax-
ies (Giuricin et al. 2001). Very recently, those results have
been strongly strengthened by the detailed analysis of the 2dF
Galaxy Redshift Survey, based on spectral types (Norberg et al.
2002). Norberg et al. find that the clustering strength increases
with luminosity in a similar way in both early and late types;
however late types are poorly represented at very high lumi-
nosities (∼ 4L∗, see their Figs. 9 and 10), where the clustering
strength is the strongest. Thus their results are not in contradic-
tion with our finding of a particularly strong luminosity segre-
gation in very early–type galaxies, since many of these galaxies
are really very luminous and so are expected to be highly clus-
tered.
Most studies about luminosity segregation in galaxy sys-
tems or in the large scale structure are based on visible light
wavelengths. Near-IR magnitudes are less sensitive to the ef-
fects of increased SFR in the past, and thus are a good tracer
of the galaxy stellar-mass (e.g., Gavazzi et al. 1996) and result
particularly useful in the study of the evolution of clustering
separately from that of the SFR. Very interestingly, we also
find evidence of luminosity segregation in the K band, quan-
titatively similar to that in the B band. Beyond the effect for
very early–type galaxies, Fig. 7 shows that also middle/late–
type spirals have a strong segregation in the magnitude–sample
(∆MK = −0.29 ± 0.08 for 2.5 ≤ T < 5.5), but the analysis of
the volume–limited sample does not confirm this result.
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Our results in K band allow us to estimate the stellar–mass
segregation between group and field environment, which can
be derived from:
M⋆,G/M⋆,F =
(M⋆/LK)G · LK,G
(M⋆/LK)F · LK,F . (2)
It has been suggested that the K-band stellar-mass–to–light ra-
tio can still vary by as much as a factor of two over a range
of galaxy Hubble type, color, and star formation histories (e.g.,
Madau et al. 1998), and gives values of about unity for different
IMF (e.g., Cole et al. 2001). To estimate the fraction of stellar–
mass segregation due to the luminosity only, i.e. independent of
morphology–segregation, we adopt: (M⋆/LK)G = (M⋆/LK)F
and ∆MK = −0.12 mag (i.e. the value found for the GROUP–
ST-S-FIELD segregation) and obtain (M⋆,G − M⋆,F )/M⋆ ∼
10%. To estimate the whole stellar–mass segregation we must
consider ∆MK = −0.35 mag (i.e., the global luminosity seg-
regation obtained from the GROUP–S-FIELD comparison)
and the fact that (M⋆/LK)G , (M⋆/LK)F due to the differ-
ent morphological content. Assuming the values M⋆/LK ob-
served in nearby galaxies of early to late morphological–types
by Charlot 1996 (see Fig. 2 of Madau et al. 1998), we obtain
(M⋆/LK)G/(M⋆/LK)F ∼ 1.2. We obtain a global stellar–mass
segregation of ∼ 50%. Note that this result is independent of
the absolute values of the assumed M⋆/LK , but depends on the
variation of M⋆/LK with morphological type: as for values we
assume above, there is a variation of a factor ∼ 1.5 from late
to early types. Assuming a factor of ∼ 2 (see Fig. 1 of Bell &
de Jong 2001, right–down panel) we obtain a value of global
stellar–mass segregation of ∼ 60%.
Colors are good tracers of the variations in the stellar pop-
ulations (e.g., Kennicutt 1983). To compare our results to those
recently obtained for environmental effects on colors or on
SFR, we considered that NOG groups have very low mean den-
sity. Using the values of member number and size we can es-
timate a projected density of ∼ 5 − 6 galaxies h2 Mpc−2 in
groups of both the magnitude– and volume–limited samples.
This value is only slightly higher than the characteristic den-
sity beyond which there is no environmental effect in SFR, see
our estimate of ∼ 3 h70 Mpc−2 with the value of 1 galaxy h70
Mpc−2 for galaxies with MB < −19 + 5 log h270 (Lewis et al.
2002; see also Go´mez et al. 2003). The value of the mean den-
sity of our groups corresponds thus to the density of clusters at
about 1-2 virial radii (see Fig. 7 of Go´mez et al. 2003).
We find that group galaxies are redder than field galaxies,
∆(B–K)∼ 0.4 mag. The comparison with B–R gradients found
by Pimbblet et al. (2002) is not straightford, but the effect we
find seems to be larger. In fact, Pimbblet et al. find no, or small,
color difference between cluster regions at 2-3 h−150 Mpc (whose
density is comparable to that of our groups) and less dense re-
gions, ∆(B–R). 0.05 mag (see their Table 3).
However, the color difference we measure seems to be
largely induced by the morphological segregation. When tak-
ing into account the morphological segregation we find a dif-
ference of only ∆(B–K)=0.07 and ∆(B–K)=0.21 mag in the
magnitude– and volume–limited samples, respectively, and this
difference is only poorly significant (at < 85% according to the
KS-test; see Sect. 5). Table 2 shows that only for very early–
type galaxies there is a 2sigma difference in both samples,
∆(B–K)=0.15 ± 0.07 mag. Thus, we find very poor evidence
that color segregation is independent of morphological segrega-
tion. Pimbblet et al. (2002) suggest that the morphological seg-
regation cannot induce the whole color segregation, but their
result concerns, in particular, the densest environments (see
their Tables 3 and 5). Similarly, that the SFR–density relation
is not exclusively a result of the morphology–density relation is
suggested by the comparison between field and cluster internal
regions (within 1-2 virial radii; Balogh et al. 1998; Go´mez et
al. 2003), a comparison to date based on a rather crude mor-
phological binning. Thus, these results are not incompatible
with what we find analyzing less dense environments. In the
case the above differences between environments of different
density will be confirmed by future studies, one might specu-
late that color segregation of galaxies is the sum of two effects,
one which depends on the morphology segregation and char-
acterizes a large range of environmental densities, from cluster
cores to very poor groups, and an additional effect, indepen-
dent of morphological segregation, which is strictly connected
to cluster and/or very dense regions. The latter effect could not
be appreciated in low density environments.
7. Summary
We compare galaxy properties in group and field environments
both in a magnitude–limited sample (B< 14 mag; 2000 < cz <
6000 km s−1 ; 959 vs. 2035 galaxies) and a volume–limited
sample (MB < −19.01 + 5 log h mag; 2000 < cz < 4000
km s−1 ; 369 vs. 548 galaxies) extracted from the NOG cata-
log (Giuricin et al. 2000). For all these galaxies, blue corrected
magnitudes and morphological types are available. We cross-
correlate the NOG catalog with the 2MASS second release thus
assigning K magnitudes to about a half of NOG galaxies and
obtaining B–K colors.
We analyze B and K luminosity segregation and color seg-
regation in relation with the morphological segregation. In fact,
groups contain about two times more early–type galaxies (el-
lipticals, lenticulars, early spirals) than field, and many fewer
late–type galaxies (late spirals and irregulars).
We summarize our main results.
– For both B and K bands, we find that group galaxies are, on
average, more luminous than field galaxies and this is not
entirely a consequence of the morphological effect. After
correcting for morphological segregation, the global lumi-
nosity difference between group and field galaxies is only
modest, about 10% in both B and K bands.
– The luminosity segregation–effect is particularly strong for
very early–type galaxies: group and field galaxies differ for
more than 30% in luminosity.
– We find that group galaxies are redder than field galaxies,
∆(B–K)∼ 0.4 mag. This difference is largely induced by
the morphological effect. After correcting for the morpho-
logical segregation, we find a smaller, poorly significant,
difference (at a c.l. of ∼ 80%).
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We discuss our results considering that the analyzed groups
represent a very low density environment (mean density ∼
5 − 6 galaxies h2 Mpc−2), just above the threshold value be-
low which, according to recent studies, environmental effects
do not act. On the basis of this and previous results, we spec-
ulate that color segregation of galaxies might be the sum of
two effects, one which depends on the morphology segrega-
tion and characterizes a large range of environmental densities,
from cluster cores to very poor groups, and an additional effect,
independent of morphology, which is intrinsically connected to
cluster and/or very dense regions.
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